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A study was made to determine the effect of continuous 
light of different qualities and intensities on the growth and 
nitrogen metabolism of plants.
Swiss chard, Beta vulgaris var Cicla, L. (Fordhook
Giant); peas, Pisum Sativum, L. (Merrimack Improved Telephone);
and tomato, Lycopersicon esculentum, Mill. (Valiant) seedlings
were subjected to light from five different kinds of very high
output lamps (red-, blue, green, Warm White, and Gro-Lux) at
2
intensities of 800 and 1200 jiw/cm . Growth was determined 
by dry weight yields. The nitrogen content of the ethanol- 
ether soluble and insoluble fractions was determined by 
micro-Kjeldahl digestion and Nesslerization. Nitrate was 
determined by the phenoldisulfonic acid method. Qualitative 
analysis of the amino acids present was achieved by paper 
chromatography.
Regardless of the intensity, growth of Swiss chard and 
peas was highest under red, while tomato growth was highest 
under white. Plants under blue showed the smallest growth.
Increase in intensity caused more growth under all 
qualities for each plant species.
There were species differences in ability to assimilate 
. nitrogen. Swiss chard contained a much higher percentage of 
total nitrogen of dry matter than peas or tomatoes. The higher 
nitrogen content of Swiss chard was due to nitrate accumulation.
x
The concentration of total and insoluble nitrogen 
(expressed as percentage of dry matter) was inversely 
correlated with the amount of dry matter produced. Both 
were highest at the lower intensity and in plants under 
blue lamps compared to the other lamps. Thus, the effect 
of light on concentration of total and insoluble nitrogen 
was determined by the combined effect of quality and 
intensity on photosynthesis.
Generally, an increase in intensity caused a decrease 
in the insoluble: soluble nitrogen ratio, indicating decreased 
protein synthesis and/or increased protein degradation in the 
physiologically older tissues at the higher intensity.
Light: quality and intensity did not affect the kinds 
of amino acids present in the various species. The amino 
acid metabolism of the various species showed an uncommon 
feature. 7-Aminobutyric acid, which is commonly observed 
in plant extracts, was not detected in any of these plants. 
Swiss chard showed some further peculiarities. Arginine was 
present in large amounts and glutamine was not detected. 
Possibly the glutamine pool was very small in these Swiss 
chard because it was rapidly being converted to arginine. 
Arginine may be the reserve and transport nitrogen source 
in Swiss chard when continuously illuminated.
xi
INTRODUCTION
Sunlight is the ultimate source of energy for the 
maintenance of life. The chlorophyllous plants trap the 
energy of sunlight and convert it to chemical energy to 
sustain their physiological processes and those of hetero- 
trophic organisms. Since man is dependent upon light for 
his very existence, it follows that he should endeavor to 
understand the many effects of light upon plants.
Various physiological processes of plants are 
dependent on, or influenced by, light. The literature 
is replete with information on the gross effects of light 
on plants (2,11,17,23,26,27,30,31,32,36,48,51,53,56,57,59, 
60,64,68,71,72,73,74,77,79). In some instances these studies 
of the effects of illumination have not been accompanied by 
biochemical analyses. Ideally the morphology and the bio­
chemistry of the plants grown under the various illumination 
conditions should be considered together for clarification 
of the overall process.
A study of the effects of light on physiological or 
morphological processes must consider intensity (energy per 
unit area), quality (wavelength), and duration (photoperiod). 
Plants usually are subjected to alternating periods of light 
and darkness. According to Meyer, et al. (39), a plant will 
accomplish more photosynthesis if exposed to illumination of 
favorable intensity for ten to twelve hours than for longer 
periods. Nevertheless certain plants, such as wheat and
1
2rye, complete their life cycles in relatively short spans 
of time in arctic regions where photosynthesis may be 
continuous throughout the twenty-four hour day of the 
summer months (65).
Thus it seems possible that the period from seed to 
fruit of some long-day crops could be shortened considerably 
if they could be grown under continuous light of the 
appropriate quality and intensity. The same would apply 
to those crops which are cultivated primarily for their 
vegetative organs.
This investigation was undertaken to determine if 
the response of plants to light quality and intensity under 
continuous illumination is similar to that reported when 
they are subjected to alternating periods of light and 
darkness. It is also hoped that the results reported will 
shed some light on the best combination of quality and 
intensity for cultivation of plants when continuously 
illuminated. Additionally, the results obtained in this 
study may aid in the production of more nutritious green­
house crops. It may be that specific light conditions could 
be used to enhance the nutritive value of certain foods with 
respect to amino acids, proteins, and other compounds.
«
3LITERATURE REVIEW
Innumerable investigations have been and currently 
are being undertaken in an attempt to explain the many 
effects of light on plants. Light plays an integral role 
in photosynthesis, phototropism, photomorphogenesis, and 
other plant responses. The forms resulting from illumination 
are really external manifestations of the cumulative effects 
of light on various phases of metabolism. While many meta­
bolic processes may not require light, they may be influenced 
by it.
ARTIFICIAL LIGHT SOURCES
Various artificial light sources have been used in 
the search for an illumination source which would be equally 
effective as, or better than, sunlight for promoting plant 
yields and for maintaining plants in controlled environments. 
Some lamps which have been used for this purpose are the 
incandescent, direct gas discharge (neon and mercury vapor), 
and indirect gas discharge (fluorescent) types (71,73). The 
second type gives a line spectrum, whereas the other two 
types are characterized by continuous emission spectra. The 
neon lamp, rich in red, is useful for supplementary illumina­
tion and daylength extension (52). Because it lacks emission 
in the shorter wavelengths, it produces excessive elongation 
if used as the only light source (41,73).
The mercury vapor lamp, in contrast to the neon, emits 
blue-green and ultraviolet lines. It is not suitable for
4daylength extension because it lacks red (71). Because it 
contains too little far-red, some species are very dark and 
stunted when it is the sole source of illumination (13).
On the other hand, tomato elongates excessively when exposed 
to it (71). In addition to the unfavorable spectral quali­
ties of these two sources, they are costly to install and 
maintain.
Two lamps which have gained prominence in plant growth 
studies are the incandescent, and particularly the fluorescent 
types. Incandescent lamps, though economical and easy to 
install, emit the greater portion of their radiation in the 
near infrared and far-red. The visible radiation is primarily 
in the red region. This light source, though superior for its 
photomorphogenic effects, is hardly suitable as the only 
source of light for plants because it lacks blue (59,71).
Also because its emission rises in the infrared, it gives 
off a considerable amount of heat.
The best artificial illumination source, because of 
its overall effect on plant growth and form, is the fluorescent 
type. Firstly, this type irradiates primarily in the visible 
portion of the spectrum. Secondly, it can be manufactured to 
emit widely varying spectral compositions by selection of 
proper fluorescent powders (73). Thirdly, it is a relatively 
cool source and can be installed and maintained at nominal 
cost (71).
There exists in the literature some confusion as to 
the role of light quality in plant growth and metabolism. 
Perhaps much of it could have been avoided had the illumina­
tion sources been properly defined. This would necessitate
5information about the total irradiation intensity and the 
spectral composition of the source used (71).
Total irradiation intensity has been measured by 
various means. In much of the older work intensity was 
measured with, a photocell and thus expressed in units of 
luminous flux, or foot candles, or lux (approximately one- 
tenth foot candle). This method of measuring light intensity, 
based on the sensitivity of the human eye, is not valid for 
plants. The human eye, because of its pigment composition, 
is more sensitive to green light. The plant pigment compo­
sition is different from that of the human eye and, therefore, 
the plant bears no resemblance to the human eye in its 
response to light quality. Several workers (63,71,73) have 
proposed that valid comparisons of spectral compositions can 
be made only on the basis of equal irradiation in terms of 
energy. According to Vince and Stoughton (73), an absolute 
standard of measurement can be made with an instrument such 
as a bolometer or thermopile which absorbs all wavelengths 
equally in the visible and near-visible region of the 
electromagnetic spectrum.
To further define an illumination source, a spectral 
energy distribution table or curve should be supplied. This 
would show the various spectral regions emitted by the source 
and the fraction of the total energy which can be attributed 
to a particular wave band.
T
6EFFECT OF LIGHT QUALITY ON GROWTH 
AND PHOTOSYNTHESIS
Veen and Meijer (71) consider much of the earlier 
work on the effect of quality on plant growth to be inade­
quate because of the impurity of the colors used. Experiments 
in which light was purified by means of filters also gave 
unreliable results because of imperfections in the transmis­
sivity of the filters in terms of spectral purity.
Dry matter produced as a function of the illumination 
condition is indicative of the light source's effectiveness 
in promoting growth or photosynthesis if the plant contains 
chlorophyll. According to Popp (48) and Shirley (53), dry 
weight of the fruit or of the entire plant is the most 
reliable criteron by which one can measure the effects of 
the illumination conditions upon the growth of the plants.
Went (79) holds that dry weight increase is a valid measure 
of photosynthesis if considered in a broad sense, that is, 
the sum total of all energy storing processes.
Popp (48) grew plants in small greenhouses covered 
with special types of glass which filtered out certain 
wave-lengths of sunlight. He found that various plants 
grown in houses which filtered out wavelengths below 529 nm 
or 472 nm had lower fresh and- dry weights than those in 
houses permitting wavelengths from 389-720 nm thus showing 
the necessity of the shorter wavelengths for good plant 
growth. Using the same facilities in conjunction with vari­
ous glass filters for the illumination of a wide range of
7plants including buckwheat, sunflower, tomato, zebrina, 
and loblolly pine, Shirley (53) concluded that blue was 
in general better than red for enhancing dry weight. The 
ineffectiveness of red in these studies may be due to too 
much infra-red accompanying it. Johnston (31) observed 
that Marglobe tomato plants placed on a table between a 
mercury vapor lamp and a source rich in red (Mazda) showed 
a general decrease in dry weight with illumination contain­
ing fewer of the shorter wavelengths.
Other studies, in which the wavelengths were more 
clearly defined, point to red as the region of the visible 
spectrum favoring dry weight production. The visible radi­
ation which promotes dry weight least is a matter for debate.
Using a monochromator and incandescent lamps, Hoover 
(28) determined the action spectrum of photosynthesis in 
wheat leaves. He obtained a two-peaked curve with a 
principal maximum in red and a second in blue. Dry weight 
production was least in green. Vince, et al. (72) using a 
different species of wheat obtained the same results. Dunn 
and Went (17) using tomato (San Jose' Canner) and Kwack (36) 
using peas (Little Marvel) obtained similar results when the 
lamps were compared in terms of dry weight production per 
lumen. Phaseolus vulgaris, L. yielded nearly equal dry 
weights under blue and red but less under green when various 
gelatin filters were used in conjunction with fluorescent 
tubes (51).
Slightly different responses have been observed for 
Valiant tomatoes (56,57) and Meteor peas (73). These plants,
8when illuminated at approximately equal energy levels, 
yielded significantly more dry weight in red than in blue 
and green. However, the differences in dry weight yield 
between the blue and green were not significant.
Gabrielson (22) studied the action spectrum of photo­
synthesis in field-grown wheat (var. Queen Wilhelmena). In 
contrast to Hoover cited above, he observed greatest photo­
synthesis in the red-orange, less in the yellow-green, and 
least in the blue-violet as measured by gas exchange. In 
other words photosynthesis was observed to decrease with a 
decrease in wavelength. Dry weight production in tomato 
(Early Market), peas (Meteor), calendula (Orange Queen) (73) 
and cosmos (77) is positively correlated with the action 
spectrum of photosynthesis.
The poor growth observed when plants are illuminated 
with green light is perhaps related to the spectral properties 
of chlorophyll. A prime reason for the low efficiency of 
blue in promoting dry weight yields may be the fact that a 
considerable portion of the blue absorbed by plants is not 
used in photosynthesis. According to Gabrielson (22), the 
inactive absorption (absorption not utilized in photosynthesis) 
is greatest in the blue-violet portion of the spectrum. The 
carotenoids absorb in the blue-violet but transfer only part 
of the energy to chlorophyll. Certain of the anthocyanins 
and anthoxanthins also absorb in the blue and green, but they 
are thought to be totally inactive in photosynthesis.
When plants are grown in white light and then exposed 
for short terms to different light qualities, the type of 
action spectrum obtained is determined by the kinds and
9amounts of pigments present in the leaves. However, when 
plants are grown in different colors of light for extended 
periods of time, the action spectrum obtained will be 
influenced by the effect of the various qualities upon 
synthesis of the pigment components and the total area of 
the leaf.
No single spectral region has been shown to be 
better than sunlight for all aspects and phases of plant 
growth and development. There is increasing evidence that 
a lamp with a balanced spectral composition is needed for 
normal vigorous plant growth. Plants grown in full sunlight 
were higher in dry weight than those grown in filtered sun­
light (48,53). Tomatoes and peas cultivated in white light 
grew faster than those exposed to red, green, or blue (72,73). 
When considered on the basis of total luminosity, white was 
more efficient than any quality or combination of qualities 
for the growth of tomatoes (17). The dry weight yield in 
white compared with red is related to «the pattern of leaf 
expansion, i.e., highest dry weight yields will be observed 
in those plants illuminated with the source most effective 
in promoting leaf expansion. White light enhances increase 
of tomato mesophyll more than red, and consequently has a 
greater effect on dry weight (73). Even a mixture of two 
light qualities is superior to any one alone. Additional 
evidence that plants require a balanced spectrum was obtained 
by Stevenson and Dunn (57). They found that generally a 
mixture of two qualities caused more dry weight than either 
light quality singly.
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Another portion of the electromagnetic spectrum which 
deserves mention is the ultraviolet. This region is present 
in many fluorescent lamps. Though it constitutes only a small 
percentage of the total radiation, according to Veen and 
Meijer (71), even this small amount of contamination is 
significant. It has never been shown that plant development 
is better with than without ultraviolet light. Klein (32) ob­
served that selective removal of ultraviolet contamination 
from white lamps resulted in enhanced growth of marigold, 
tomato, com, and impatiens. It is not yet clear just how 
the ultraviolet brings about its deleterious effect on growth 
since it is not involved in photosynthesis.
EFFECT OF LIGHT INTENSITY ON 
PHOTOSYNTHESIS AND GROWTH
Another factor which may influence plant response 
to light quality, and thus must be taken into consideration, 
is radiant flux (intensity). In most studies of light quality 
on plant growth, plants have been grown at a single intensity. 
Similarly, in studies of light intensity and plant growth, a 
single light quality was used. Thus there is practically no 
information about the interrelationship of these two light 
variables on plant growth.
The effects of intensity on plant growth have been 
studied by observing changes in dry weight or CO2 uptake as 
the intensity is altered. Certain studies indicate that photo­
synthesis increases with rise in intensity until some factor(s)
11
other than light become(s) limiting (6,9,25,34), while other 
studies have shown no saturation (4,11,34). In a few cases 
photosynthesis was thought to decrease as intensity increased 
after a certain optimal intensity for photosynthesis was 
reached (9,34). Bohning and Burnside (9) studied the effect 
of intensity on apparent photosynthesis in both "sun” and 
"shade" leaves of a variety of plants. They observed that 
CO2 uptake increases directly with intensity at low intensity 
levels, but not at high levels. The intensity at which no 
further increase in CO2 uptake occurred was lower in "shade" 
leaves than in "sun" leaves. Gist and Mott (25) observed a 
curvilinear relationship between dry weight production and 
radiant flux in various legume seedlings.,, Using oak (Quercus 
borealis var. maxima, Asher), as the test plant and intensities 
ranging from 300 to 9300 ft-c of full sunlight, Kramer and 
Decker (34) also observed that CO2 uptake increased with an 
increase in intensity up to a certain intensity beyond which 
there was no further significant change in rate. However, 
when they used Pinus taeda, L. as the test plant, the rate of 
CO2 uptake increased with increasing intensity and showed no 
saturation. They explain the difference in response of these 
two species on the relative amount of natural shading of the 
leaves, assuming that the more closely grouped pine needles 
shaded each other more than did the leaves of oak. In other 
words, plants which have more leaves shading each other are 
less likely to show saturation because of the excessively 
high intensities required for light to reach the interior 
leaves. Since oak has- more of its leaves exposed, it can 
absorb more light at lower intensities.
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Bula (11) noting changes in CO2 uptake and dry 
weight of alfalfa, found growth increments to be essentially 
proportional to increases in intensity at 750, 1500, and 3000 
ft-c during a 15 hour photoperiod for 14 and 28 days. Curves 
of the data showed no indication of saturation. Similar 
results were obtained by Beinhardt (4) with clover. In 
addition he observed increases in leaf production and leaf 
area with increased intensity, all of which would allow for 
increased photosynthesis. Decker (16) found that the photo­
synthetic rate of 3-year-old Scotch pine was a linear function 
of illumination intensity from 1800-6400 ft-c using an infra­
red gas analyzer.
In general, dry weight increases with an increage in 
intensity until CO2 concentration becomes limiting. Satura­
tion will be obtained only with a single leaf or a small 
plant, in which there is little or no shading of one part 
by another. Large trees whose interior leaves are heavily 
shaded, or compact stands of field species in which some 
plants shade others, will generally show an increase in 
photosynthesis with increased intensity. This is due to 
the fact that shaded leaves or plants will be receiving 
considerably less light than peripheral ones.
The detrimental effect of high light intensities on 
photosynthesis and plant development may be due to several 
factors. Extremely high intensities may cause photo-oxida­
tion of certain cell constituents, and if prolonged may 
cause bleaching and death of the cells. High intensities 
usually increase water loss via transpiration resulting in 
dehydration and possibly stomatal closure (39).
13
EFFECT OF LIGHT INTENSITY 
ON PLANT COMPOSITION
The intensity also influences the composition of the 
organic matter (18,23,29,35,43,74). Kraybill (35) reported 
that apple and peach trees which had been shaded for two 
summers contained less carbohydrate than those which were 
unshaded. Shaded cotton plants, according to Eaton and 
Ergle (18), show a decline in carbohydrate level during the 
fruiting stage which can be detected most readily by analyz­
ing the stem. Similar responses to shading have been reported 
for various vegetable crops (74). Garza, et al. (23) investi­
gated the influence of intensity on the digestibility of two 
alfalfa varieties. The dry matter and cellular content 
increased with intensity while the crude protein decreased.
Contrary to the above investigations, Vinson (74) and 
Auchter (3) were unable to detect any significant difference 
in the composition of shaded and unshaded apple leaves. These 
authors may not have found differences because of the position 
from which the leaves were taken. Priestly (49) reports that 
new growth tends to have a composition characteristic of the 
variety, but that after extension growth has ceased, reserves 
may accumulate at rates related to intensity.
Variations in plant composition resulting from inten­
sity differences also have been observed after short periods
of photosynthesis. Nishida (43) found that incorporation of 
14C into sugar phosphates and sucrose of maple decreased 
sharply when intensity was reduced, while incorporation into
14
amino acids and organic acids, especially malic, increased. 
It has been demonstrated by Horvath and Szaz (29) that 
Phaseolus vulgaris, L. responds in a similar fashion to 
intensity increase. At 1,000 lux alanine showed the 
highest percentage of total soluble activity while at 
48,000 lux sucrose exceeded it. The overall effect was 
a decrease in relative nitrogen, and an increase in carbo­
hydrate levels with increased intensity. These investiga­
tors interpret their findings on the basis of different 
energy requirements for conversion of phosphoglyceric acid 
to phosphoenolpyruvate or phosphoglyceraldehyde. Less 
energy is required for conversion of phosphoglyceric acid 
to phosphoenolpyruvate than is required for conversion to 
phosphoglyceraldhyde. Phosphoglyceraldehyde is the immedi­
ate precursor of other carbohydrates. Phosphoenolpyruvate 
can be readily converted to alanine by reductive amination.
INFLUENCE OF LIGHT QUALITY ON 
PLANT COMPOSITION
Since light intensity is a factor determining the 
amount of organic matter formed, it follows that perhaps the 
relative composition is also influenced by light quality 
changes. One of the earliest investigations to test this 
hypothesis was undertaken by Popp (48). He noted that 
removal of wavelengths below 529 nm was accompanied by a 
decrease in the amount of starch and total carbohydrates 
and an increase in total nitrogen in several plants. Total 
soluble nitrogen was highest in the absence of the blue- 
violet radiation.
15
In contrast, several investigators have demonstrated 
that synthesis of nitrogenous compounds is favored by short 
wave radiation. The work of Appleman and Pyform (1) and of 
Tregunna, et al. (68) show that nitrogen compounds are pre­
ferentially synthesized in blue light. Etiolated barley seed­
lings (var. Atlas) contain more nitrogen when irradiated with 
blue than with red. Blue irradiated barley had a lower content 
of free amino acids than did barley grown in red light. This 
would indicate that blue promotes conversion of amino acids 
to protein. Shoots of soybean which were grown entirely 
under blue light contained more protein and less carbohydrates 
than those grown under pink (30). Voskresenkaia and Grishina 
(76) have undertaken a number of studies to show the relation­
ship between light quality and chemical composition of plants. 
For their long term studies, they used Phaseolus vulgaris, L. 
var. Triumph, a day-neutral plant. In one study the beans 
were continuously illuminated with blue and red of equal 
incident quanta until flowering. Thus the energy of the two 
sources differed but their effect on the rate of accumulation 
of dry organic mass was similar. Biochemical and anatomical 
analyses revealed that blue light caused an increase in the 
synthesis of nitrogenous compounds, size of chloroplasts, and 
quantity of chlorophyll when compared with red. The differences 
due to quality of illumination were much more pronounced when 
plants were propagated in a nitrogen deficient medium. This 
fact seems to indicate that blue not only promotes synthesis 
of nitrogenous compounds, but it also enhances mobilization 
and translocation from the nutrient medium. However, the 
free amino acids were more concentrated in the red illuminated 
plants than in the blue.
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Isolated tissues from higher plants have also been
used as test material. Voskresenkaia, quoted by Tregunna,
et al. (68), reported that com, sunflower, and bean leaf
discs added more dry weight during photosynthesis in red
light than in blue light. The percentage nitrogen of dry
matter was highest in discs exposed to blue light. In
another study (75), he observed that most of the label
appeared in the organic acid fraction when detached leaves 
14assimilated C 0^ in red light, whereas in blue light the
label appeared in the amino acids. Tregunna, et al. (68)
14found that tobacco leaves incorporated more C into glycine
14
in red than in blue when the total amount of C was the
same. This was true whether or not the rate of
absorption in the various wavelengths was the same. Incor- 
14poration of C into serine was not affected by wavelength.
There are numerous metabolic reactions occurring 
which, though not dependent on light, may be affected by 
light. Tottingham, et al. (67) studied nitrate absorption 
from various nitrate sources as influenced by Mazda lamps 
alone and when supplemented with carbon arc. Potassium 
nitrate proved to be the best source of nitrate and its 
uptake was enhanced by increases in blue and long ultra­
violet radiation above those emitted by the Mazda lamp.
Light enhancement of nitrate assimilation has also been 
studied by Burstrom (12) and Stoy (61). The former worker 
is of the opinion that the light enhancement of nitrate 
reduction is directly linked with photosynthesis rather 
than respiration, since leaves with a high content of sugar 
cannot reduce nitrate in the dark. This hypothesis appears
to be inconsistent with the action spectrum of photosynthesis, 
since nitrate reduction is most rapid in the spectral region 
least active in photosynthesis. Stoy (61) determined simul­
taneously the action spectrum of nitrate and carbon assimila­
tion. The action spectrum for CC^ assimilation showed two 
peaks at approximately 430 nm and 615 nm and a minimum at 
470 nm. Nitrate assimilation was stimulated more than CO2 
assimilation by blue light, but they were stimulated equally 
by red and white light. This blue promotion of nitrate 
assimilation points to the existence of a yellow pigment 
which is capable of transforming part of the absorbed energy 
into chemical energy which can activate nitrate reduction.
Flavin is a yellow flavoprotein which has been shown to be 
involved in reduction of nitrate to nitrite (20). However, 
this enzyme has not been shown to be activated by light 
in vivo.
EFFECTS OF CONTINUOUS LIGHT 
ON PLANT GROWTH
Only a few investigations of continuous light effects 
on the vegetative growth of plants have been undertaken. It 
is generally assumed that continuous illumination is deleterious 
to plants in the vegetative stage. Some of the studies have 
borne out this assumption while others have not. Arthur, et al. 
(2) observed that tomatoes increased in dry weight when con­
tinuously illuminated with incandescent lamps for short spans.
An adverse response was observed after 5-7 days of continuous
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light. Old leaves showed mottling, necrosis, and excessive 
curling. Newly formed leaves became smaller, ultimately 
resulting in death. He attributes this condition to the 
destruction of the photosynthetic apparatus rather than to 
overproduction or accumulation of carbohydrates, because the 
injury developed at 150 ft-c which did not allow for accumula­
tion of carbohydrates. The injurious effect of continuous 
light on tomatoes was further confirmed and shown to be 
temperature dependent by Hillman (27) using "Early Canner" and 
"Red Cherry". Though several factors (temperature cycle, 
intensity, and developmental phase) were shown to be involved 
in determining the response to continuous light, temperature 
was the prime factor determining whether injury developed.
Injury occurred when temperature was constant or the differential 
between two alternating temperatures was extremely small. 
Horsebean, Vicia faba. L. while not injured by continuous 
illumination, responds to photoperiod according to the pre­
vailing temperature (46). During the cool growth period 
maximal elongation occurred during the 12 and 14 hour day, 
but in the summer the plants exposed to 24 hour days were 
tallest. Regardless of the temperature, continuous illumina­
tion caused earlier maturation.
Peas, unlike tomato, do not show injury when continu­
ously illuminated for 5-35 days (26). Continuous illumina­
tion resulted in greater increases in height and maturation 
rates than during 16 hour photoperiods at constant or alter­
nating temperatures. Fresh weight of wheat also has been 
observed to increase with increased daylength, though there
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were no further height increases beyond the 20 hour exposure 
(84). Uninterrupted illumination has been shown to promote 
growth of almond, laurel, and lemon seedlings while Persian 
walnut thrives best under natural conditions (38).
Information on the growth response of plants to 
different light qualities while continuously illuminated 
is meager. Terborgh (64) found that growth of Acetabularia 
crenulata, Lamx., was maximal and its life cycle was com­
pleted when continuously illuminated with blue light, but 
its growth ceases completely when continuously illuminated 
with spectrally pure red light.
The synthesis and utilization of organic compounds
also is controlled by photoperiod. Lemna perpusilla, Torr.
(duckweed), a short-day plant, accumulated citric and aspartic
14acids while assimilating C C>2 under short day conditions 
while malic acid and glutamine decreased (14). The asparagine 
content showed a slight increase when the photoperiod was 
changed from continuous illumination to short day conditions, 
though it again decreased after flowering.
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MATERIALS AND METHODS 
ILLUMINATION SPECIFICATIONS
Six different lamps manufactured and donated by 
Sylvania Electric Products, Inc. of Danvers, Massachusetts 
were used in this study. The spectral distribution curves 
of these lamps, Cool White, VHO (Very High Output); red,
VHO; blue, VHO; green, VHO; Warm White, VHO; and Gro-Lux, 
w. s. (wide spectrum), VHO are shown in Figures 1, 2, 3, 4,
5, and 6. Hereafter lamps will be designated simply as 
Cool White, red, blue, green, white, and Gro-Lux.
Intensity measurements were made with an Eppley
thermopile and a sensitive micro-voltmeter (Kintel Electronic
Galvonometer, Model 204 A). The microvolt readings as read
2
directly from the galvonometer were converted to jiw/cm by 
division by 0.05 v/^w/cm^.
PRE-TREATMENT CONDITIONS
Nine fruits of Swiss chard (Beta vulgaris var. Cicla,
L.) 'Fordhook Giant1 were sown 1 inch from the top in a water- 
saturated artificial soil mixture'*’ contained in 1 1/2 pint 
polyethylene freezer containers. There were four holes in 
the bottom of each container to provide adequate drainage.
^"Artificial Soil Mixture: peat moss, 1 bushel;
vermiculite, 1 bushel; ground limestone (dolomitic), 1 lb; 








Figure I. Spectral energy emission curve for VHO/Cool white lamps.
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Figure 3. Spectral energy emission curve for V H P /B lu e  lamps.
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Figure 4. Spectral energy emission curve for VHO/Green lamps.
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Figure 5. Spectral energy emission curve for VHO/Warm white lamps.
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Figure 6. Spectral energy emission curve for VHO/Gro-Lux lamps.
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One hundred-fifty pots were prepared and irradiated with 
Cool White lamps at an intensity of approximately 1000 ^ iw/cm 
for twenty-four hours daily. The temperature was maintained 
at 21°C for 16 hours and 16°C for 8 hours. Before emergence 
water was added to each pot daily until it flowed freely 
through the holes from the bottom of the pots. One week 
after sowing emergence was complete. The seedlings were 
then carefully pulled up and reset so that each pot contained 
six seedlings. This procedure was followed because each Swiss 
chard fruit contains several seeds, hence seedlings were often 
in clusters.
In a second experiment, peas (Pisum sativum, L. var. 
Merrimack Improved Telephone-Lot No. 54-7C) obtained from the 
University of New Hampshire Seed Testing Laboratory were 
sown and subjected to the same light and temperature conditions. 
Emergence began about four days after sowing and continued 
sporadically for about seven days more. There was no emergence 
in some pots as late as eleven days after sowing. Pots with 
four or more seedling were selected for treatment. Seedlings 
were thinned to four fairly uniform seedlings per pot.
In a third experiment seeds of tomato (Lycopersicon
esculentum, Mill, var Valiant) were broadcast in a flat of
2
dampened Jiffy Mix (50% Sphagnum moss and 50% Terra-lite 
vermiculite) and covered'by 1/2 inch layer of Jiffy Mix and
2
Jiffy Mix is manufactured for the Jiffy Pot Company 
of America, West Chicago, Illinois by the Zonolite Division 
of W. R. Grace and Company, Chicago, Illinois.
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subjected to the same light and temperature conditions as the 
other plants. Twenty-one days after sowing seedlings were 
transplanted to 1 1/2 pint polyethylene containers filled 
with Jiffy Mix so that each container contained two seedlings.
TREATMENT ROOM
All light treatments were performed in a temperature- 
controlled room (10 x 12 ft) in the basement of the greenhouse. 
The room contains ten ( 1 x 4 x 6  ft) metal frame stands of 
slotted angle iron arranged in two rows of five each. The 
metal frame stands in each row were arranged along the two 
opposite walls with the four ft sides parallel to each other 
leaving a center aisle between the two rows of tables.
A white enamel coated window shade was suspended 
along each 4 ft side of the metal frame while three were 
suspended along the side near the aisle of each row of five 
tables in order to confine the specific light quality to a 
specific table.
On the top of each metal frame is a fixed wooden 
luminare with six pairs of sockets 1 7/8" on centers to 
accommodate six fluorescent tubes. Beneath each luminare 
is a shelf of wire mesh supported with adjustable shelf 
standards. The shelf is adjustable from 1-5 ft below the 
lamps. The desired intensity level is obtained by lowering 
or raising the shelves. A more detailed description of this 
experimental room was reported by Thomas (66).
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EXPERIMENTAL DESIGN
The experimental room consisted of two experimental
blocks (two rows of five tables each along either side of
the room) each containing five different kinds of lamps,
i.e., red, blue, green, white, and Gro-Lux, randomly arranged
among the five tables.
Two intensity levels of each light color were obtained
at each table. The wire mesh shelf was placed at a level to
2
obtain 800 jaw/cm . The second intensity level was obtained
by stacking boxes on one-half of the wire mesh shelf to
2
obtain 1200 /iw/cm . The position of the high intensity
area, i.e., whether near the wall or aisle, was determined
by flipping a coin. A piece of black polyethylene was sus­
pended over the boxes to prevent them from becoming water 
soaked during fertilization or watering.
Thus the design consisted of ten treatments of five 
light qualities, each at two levels of intensity. See Figures 
7, 8, and 9 for the arrangement of the plants in each experi­
ment .
CULTURE CONDITIONS DURING TREATMENT 
SWISS CHARD
Twelve days after sowing, groups of six pots of Swiss 
chard, each pot containing six plants per pot, were randomly 
selected and subjected to each treatment for twenty-two days.
i
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Figure 7  Diagram of room showing the
arrangement of treatments of Swiss chard.























*1, 800 ^ w/cm2 ** 2, 1200 /tw/cm*
Figure 8. Diagram of room showing the
arrangement of treatm ents of peas.





* I, 800/tw/cm2 **2, 1200/iw/cm2
Figure 9. Diagram of room showing the
arrangement of treatments of tomatoes.
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* I, 800 /tw/cm2 **2, 1200 /iw/cm2
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On the third and sixth day of treatment 25 ml of 
20-20-20 fertilizer (1 tablespoon/gal) was applied to each 
pot of plants. Nutrient deficiency symptoms were observed 
on certain seedlings subjected to red and Gro-Lux on the 
seventh day of treatment. The upper large and very young 
leaves were chlorotic. Certain of the growing tips appeared 
to be somewhat hooked, characteristic of boron deficiency.
It was suspected that the plants were deficient in either 
boron, manganese, or iron. Thus the 20-20-20 fertilizer solu­
tion was supplemented by adding 2 ml of stock solution of iron 
(10 g Versonal/200 ml of distilled water), 1 ml of stock 
solution of boric acid (2.869 g boric acid/liter of distilled 
water), and 1 ml of stock solution of M n C ^  (1.8 g MnC^/liter 
of distilled water) to each liter of 20-20-20 fertilizer solu­
tion. The 20-20-20 fertilizer solution plus supplementary 
nutrients was added to the artificial soil medium until it 
flowed freely through the drainage holes. This was done on 
the ninth day of treatment and once per week for the two 
remaining weeks of treatment. Recovery was apparent by the 
twelth day of treatment and there was no further evidence 
of nutrient deficiency during the remainder of the treatment 
period.
PEAS
Four pots of peas, each containing four plants, 
were randomly selected and placed in each treatment unit, 
as described for Swiss chard, nine days after sowing. The 
20-20-20 fertilizer solution plus supplementary nutrients 
was applied weekly to the run off point. No additional
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watering was required because of the high moisture retention 
capacity of the artificial soil mixture.
A transparent plastic shield was placed around the 
top of each pot to prevent entanglement with plants of 
adjacent pots.
TOMATO
Twenty-two days after sowing, four pots of tomatoes, 
two plants per pot, were subjected to the various treatment 
conditions and replicated in space. A modified Hoagland's 
nutrient solution (56) was applied on the first and fifth 
day of the eleven-day treatment period at the rate of 100 ml 
per pot. Additional water was supplied periodically as 
needed.
HARVESTING AND EXTRACTION OF PLANTS 
HARVESTING
At the end of the specified treatment periods, the 
Swiss chard and tomato plants from each experiment were 
severed at the cotyledon level, whereas the peas were cut 
at the soil level. All shoots from a particular treatment 
and replicate were quickly immersed in a volume of boiling 
95% ethanol so that the final volume of ethanol was 80%.




The alcohol solution was decanted into a volumetric 
flask of appropriate size. The residue was homogenized in 
a Sorvall Omni-Mixer and filtered through one or more 
preweighed medium porosity sintered glass filters. The 
residue was washed with 80% ethanol and ether, and the ether 
was evaporated on a steam bath. The ethanol fractions con­
taining the ethanol- and ether-soluble plant constituents 
were combined and made to volume. A record was kept of the 
total volume for each treatment for later calculations.
DETERMINATION OF DRY MATTER
The ethanol-ether insoluble residue of each treatment 
was dried in the sintered glass filter overnight at 105°C. 
After cooling in a desiccator the filter plus contents were 
weighed. The weight of insoluble residue was determined by 
difference. In some instances weights were combined to 
determine the weight of insoluble dry matter per treatment.
In order to determine the amount of ethanol-ether 
soluble dry matter, duplicate 10 ml aliquots of the extract 
of each treatment were pipetted into oven-dry weighed beakers. 
The ethanol was evaporated on a steam bath. Then the beakers 
containing the residues were dried in an oven at 105°C over­
night. The beakers with contents were cooled in a desiccator 
and the weight determined. From this weight was subtracted 
the beaker weight. The resulting two weights for each 
treatment were averaged and multiplied by an appropriate 
factor to obtain the weight of ethanol-ether soluble dry 
matter per treatment.
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The weights of the ethanol-ether soluble and insoluble 
dry matter were combined to obtain the total dry matter pro­
duced for each treatment.
BIOCHEMICAL ANALYSIS 
NITROGEN DETERMINATIONS
ETHANOL-ETHER INSOLUBLE NITROGEN. The ethanol-ether 
insoluble dry matter of a particular treatment or its repli­
cate was ground in a Wiley mill with a 40 mesh sieve and 
thoroughly mixed. A 50 mg portion was taken in duplicate, 
digested, and the nitrogen in the sample converted to ammonium 
sulfate by digestion with ^ S O ^  by modified micro-Kjeldahl 
method (44).
The digest was transferred quantitatively to volumetric 
flasks and made to volume. Determination of ammonium N was
l
made on two aliquots of this diluted digest by Nesslerization 
(70). The quantity obtained was multiplied by a factor to 
determine the alcohol-ether insoluble nitrogen.
ETHANOL-ETHER SOLUBLE NITROGEN. The procedure as 
described for the ethanol-ether insoluble fraction was used 
for the determination of nitrogen in duplicate 10 ml aliquots 
of the ethanol-ether soluble fraction.
I
FREE AMINO ACID ANALYSIS
Ten milliliter aliquots of the alcoholic extracts 
of the plants subjected to the various treatment were 
pipetted into 50 ml centrifuge tubes and extracted 5-6 times
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with 5 ml portions of petroleum ether in order to remove 
plant pigments. This extraction was effected by mixing 
the extract and the petroleum ether with a Vortex-mixer.
Upon standing for a minute or so, the upper petroleum ether 
layer containing the plant pigments was removed with a 
pipette after each extraction.
The clarified alcoholic extracts were then transferred 
quantitatively to 15 ml centrifuge tubes and concentrated to 
almost dryness at room temperature by passing a stream of 
air over them. Distilled water was added to the almost 
dry extracts to make a final volume of 1 ml. The insoluble 
material was removed by centrifugation. The supernatants, 
which contained the amino acids, were removed with a pipette, 
transferred to vials, and stored in the refrigerator.
Separation of the amino acids was accomplished by 
paper chromatography. A sheet of Whatman No. 1 paper,
3.5" (grain direction) x 9 1/8", was attached to a sheet of 
Whatman 3MM paper, 11 1/4" (grain direction) x 9 1/8", 
by overlapping the 9 1/8" edges by 1/2 inch. The two 
sheets were fastened together by stitching along the over­
lapped edges of both grades of paper with a sewing machine 
(40).
A preliminary analysis of the amino acids present 
was done by applying aliquots of the concentrated clarified 
extracts to the Whatman 3MM paper one inch above the double 
row of stitches in 3/4" bands. Solutions of known amino 
acid content were chromatographed simultaneously. The 
chromatograms were developed ascending in a glass chromato­
graphy apparatus (12" x 12" x 24") for 24-28 hours with the
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Whatman No. 1 strip dipping into the solvent composed of 
n-butanol: acetic acid: water (6:1:2). The Whatman No. 1
feeds the solvent onto the higher loading capacity Whatman 
3MM. The slower flow rate of the Whatman No. 1 and thickness 
of Whatman 3MM allow for improved resolution.
For more thorough investigation of the amino acids, 
two dimensional chromatography was employed. The paper was 
prepared as above. An aliquot of the clarified concentrated 
extract was applied to the Whatman 3MM paper one inch above 
the double row of stitches and one inch from the edge. 
Development in the first dimension was as described above.
Then the chromatograms were thoroughly air dried and the 
Whatman No. 1 wick was removed by cutting the Whatman 3MM 
paper just at the edge of the Whatman No. 1 strip. The 
chromatograms were then developed to the edge in the second 
dimension with 80% phenol: 95% EtOH: NH^OH (15:4:1). In
order to prevent the degradation of the solvent, 8-hydroxy- 
quinoline was added to the solvent (5-10 mg/100 ml of solvent). 
Also a beaker containing ca. 100 mg KCN in 4-6 ml of water 
was placed in a beaker in the 6" x 12" circular chromatography 
jar (4,54).
The chromatograms were dried overnight in a hood.
Then the amino acids were located by dipping the chromatograms 
in 0.2% ninhydrin in acetone acidified with 107» acetic acid 
and air drying at room temperature.
Amino acids were identified by co-chromatography with 
authentic amino acids, reaction with specific location reagents 
and by comparison of the relative positions on the paper with 
respect to known amino acids.
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STATISTICAL ANALYSIS
The quantitative data was analyzed by Analysis of 
Variance and the Duncan's new multiple range test was used 





EFFECT OF LIGHT QUALITY AND INTENSITY 
ON DRY WEIGHT
SWISS CHARD
The effect of light quality on yields of Swiss chard 
was influenced by intensity. At the lower intensity, as 
shown in Table 1 and Figure 10, red and Gro-Lux lamps 
effected nearly 50% more yield than white, and white 50% 
more than green or blue. Yield differences among qualities 
were not statistically significant. Probably significance 
would have been greater if yields had been taken on a 
greater number of replicates, but for the sake of biochemical 
analysis the number of samples had to be kept to a minimum.
At the higher intensity, yield under red was about three 
times that under blue. High intensity Gro-Lux, white, and 
green lamps caused nearly equal yields, all of which were 
slightly less than that under red, but far greater than 
that under blue. Yields under red, Gro-Lux, white, and 
green lamps were not significantly different, but were 
significantly higher than that under blue.
A 50% increase in intensity produced significantly 
higher yields for all qualities tested, but they were not 
of the same magnitude. The yield at high intensity was for 
green, 19X; blue, 7X; white, 6X; red, 3X; and Gro-Lux, 3X 
the yield at low intensity.
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Table 1. Effect of light quality at 800 and 1200 /iw/cm on
dry weight of Swiss chard.
Quality Replicate Intensity Total
800 jiw/cm 1200 jiw/cm
1 6.90 27.20 34.10
2 6.90 17.50 24.40
RED T 13.80 T 44.70 Tx 58.50
X 6.90 X 22.40 Xx 14.60
1 0.50 6.70 7.20
2 1.60 7.80 9.40
BLUE T 2.10 T 14.50 Tx 16.60
X 1.05 X 7.20 Xt 4.20
1 1.30 19.50 20.80
2 1.20 17.80 19.00
GREEN T 2.50 T 37.30 T1 39.80
X 1.20 X 18.60 xL 10.00
1 2.70 19.90 22.60
2 2.30 17.60 19.90
WHITE T 5.00 T 37.50 Tx 42.50
X 2.50 X 18.80 X 10.60
1 5.50 21.00 26.50
2 5.50 16.40 21.90
GRO-LUX T 11.00 T 37.40 Tx 48.40
X 5.50 X 18.70 X 12.20
Total 34.40 171.40 205.80
aGrams
RED-800 GRO-LUX-800 WHITE-800 GREEN-800 BLUE-800
6.90 5.50 2.50 1.20 1.05
RED-1200 WHITE-1200 GRO-LUX-1200 GREEN-1200 BLUE-1200
22.40 18.80 18.70 18.60 7.20












Figure 10. Effect of light quality at 800 






























The effect of light quality on pea yields, like 
Swiss chard, was affected by light intensity. As shown in 
Table 2 and Figure 11, highest yields were obtained under 
red and lowest yields under blue at both intensities. At 
the lower intensity yield differences among qualities were 
not significant. At the higher intensity, yield under red 
was significantly better than that under blue only, but the 
yields under Gro-Lux, white, and green were not significantly 
different from those of blue or red.
For all qualities, a 50% increase in intensity 
produced about twice the yield.
TOMATO
Tomato, unlike Swiss chard and peas, j oduced 
highest yields under white light at both intensities. 
Following white lamps in efficiency were red, Gro-Lux, 
green, and blue lamps (See Table 3 and Figure 12). At 
the lower intensity, yields under white and red were 
significantly higher than those under blue only. White, 
red, Gro-Lux, and green lamps had about the same effect 
on yields. Yields under Gro-Lux, green, and blue were 
not significantly different. At the higher intensity, 
white caused significantly higher yields than did the 
other lamps (red, Gro-Lux, green, and blue). Differences 




Table 2. Effect of light quality at 800 and 1200 /tw/cm on
dry weight of peas.
Quality Replicate Intensity
2 2 
800 jaw/ cm 1200 nw/ cm
Total
1 2.90 7.70 10.60
2 4.80 8.80 13.60
RED T 7.70 T 16.50 Ti
24.20
X 3.80 X 8.20
h
6.05
1 2.80 5.50 8.30
2 2.90 5.30 8.20
BLUE T 5.70 T 10.80 Ti 16.50
X 2.80 X 5.40 4.10
1 3.50 7.40 10.90
2 3.60 5.50 9.10
GREEN T 7.10 T 12.90 Ti 20.00
X 3.60 X 6.40 5.00
1 2.70 8.40 11.10
2 4.20 6.40 10.60
WHITE T 6.90 T 14.80 Ti 21.70
X 3.50 X 7.40
*i
5.40
1 4.01 8.10 12.11
2 3.50 7.40 10.90
GRO-LUX T 7.50 T 15.50 Ti 23.01
X 3.80 X 7.80 5.80
Total 34.90 70.50 105.40
aGrams
RED-800
GRO-LUX-800 GREEN-800 WHITE-800 BLUE-800
3.80________________________ 3.60_______ 3.50________ 2.80
RED-1200 GRO-LUX-1200 WHITE-1200 GREEN-1200 BLUE-1200 
8.20_________ 7.80 7.40 6.40 5.40
MEANS underscored by the same line do not differ 
significantly
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Figure II. Effect of light quality at 800 
and 1200/xw/cm2 on dry weight of peas.
L = 8 0 0 /Aw/cm2 
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Table 3. Effect of light quality at 800 and 1200 jiw/cm on
dry weight of tomatoes.
Quality Replicate Intensity Total
800 iiw/cm 1200 jaw/cm
1 1.80 3.40 5.20
2 1.40 2.30 3.70
RED T 3.20 T 5.70 T l 8.90
X 1.60 X 2.80 X x 2.20
1 .70 2.00 2.70
2 .60 2.10 2.70
BLUE T 1.30 T 4.10 Tx 5.40
X .60 X 2r. 00 X x 1.40
1 .90 2.30 3.20
2 1.20 2.40 3.60
GREEN T 2.10 T 4.70 1l 6.80
X 1.00 X 2.40 X ± 1.70
1 1.90 3.90 5.80
2 2.03 4.00 6.00
WHITE
-
T 3.90 T 7.90 Tx 11.80
X 2.00 X 4.00 5^ 3.00
1 1.10 3.10 4.20
2 1.30 2.00 3.30
GRO-LUX T 2.40 T 5.10 Tx 7.50
X 1.20 X 2.60 XL 2.00
Total 12.90 27.50 40.40
aGrams
WHITE-800 RED-800 GRO-LUX-800 GREEN-800 BLUE-800
2.00 1.60 1.20 1.00 .60
WHITE-1200 RED-1200 GRO-LUX-1200 GREEN-1200 BLUE-1200
4.00 2.80 2.60  2.40 2.00











Figure 12. Effect of light quality at 800 
and 1200 fiv i/c m 2 on dry weight of tomatoes.
L= 800 fiw/cm2 















In all cases the higher intensity increased the 
yields. However, the variability was slightly more than 
with peas, but less than with Swiss chard. The yield at 
the higher intensity was about doubled for red, green, 
white, and Gro-Lux, and tripled for blue.
Plants under red and more spectrally balanced lamps 
(white and Gro-Lux) usually gave highest yields. Green and 
blue lamps generally caused lowest yields. Thus the response 
of these plants to continuous illumination with different 
light qualities and intensities was similar to that reported 
for plants exposed to different wavelengths for less than 
24 hours daily (17,55,56).
Red is generally most efficient in promoting yields 
because it is strongly absorbed by chlorophyll. However, 
tomatoes produced highest yields under white lamps. Accord­
ing to Vince and Stoughton (73) yield is higher under white 
than under red, because red prevents normal mesophyll increase 
in tomato. Presumably, red promotes mesophyll increase in peas 
and Swiss chard or its effect is similar to that of white light.
The ineffectiveness of blue at both intensities is 
due primarily to absorption of blue by pigments other than 
chlorophyll (carotenoids and vacuolar pigments). Any energy 
absorbed by pigments other than chlorophyll a must be trans­
ferred to it to be used in photosynthesis. The carotenoids 
participate in photosynthesis, but only part of the energy 
is transferred to chlorophyll a (50). Blue light absorbed 
by vacuolar pigments (anthocyanins and flavones) is lost to 
photosynthesis (22). Swiss chard contained visibly large
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quantities of anthocyanins and was the only plant tested 
which produced significantly lower yields under blue than 
under the other lamps.
Light quality affects yields by modifying non-photosyn- 
thetic processes. Spectral regions favoring chlorophyll syn­
thesis might favor increased yields. The available evidence 
suggests that red induces more chlorophyll synthesis than 
blue or green light (21) .
Respiration has been shown to be influenced by light 
quality. Kowallik and Gaffron (33) observed that oxygen 
uptake in Chlorella and its dark yellow mutant (achlorophyllous) 
was stimulated by blue light. The low yields under blue may 
be due in part to enhanced respiration without an appreciable 
increase in photosynthesis.
Generally, Gro-Lux and white lamps caused higher 
yields than blue or green lamps. The promotive effect of 
these lamps is perhaps due to their red content. The 
accompanying wavelengths while not used efficiently in 
photosynthesis may be beneficial by inducing formative 
responses (71). The formative responses may allow for more 
efficient utilization of the incident light. Several 
investigators (17,56,57) report that often a mixture of 
two wavelengths causes higher yields than either singly. 
Effectiveness of Gro-Lux lamps is perhaps enhanced by their 
infrared content. Efficiency of lamps emitting primarily 
one visible wavelength has been enhanced by simultaneous 
illumination with incandescent lamps (17). The infrared is 
used in photosynthesis if supplied simultaneously with a
'<
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shorter wavelength. Emerson, et al. (19) have demonstrated 
how infrared utilization is activated by wavelengths of 
480 nm and 650 nm, —
Yields under blue lamps may have been affected by
the ultraviolet contained in them. Blue lamps used in this
investigation emitted nearly a fourth of their energy in 
the ultraviolet. Utilization of ultraviolet in photosynthe­
sis has not been demonstrated. However, ultraviolet has been 
shown to lower yields of several plant species (32). The 
exact mechanism by which ultraviolet reduces yields has 
yet to be explained.
EFFECT OF LIGHT QUALITY AND INTENSITY 
ON NITROGEN METABOLISM
TOTAL NITROGEN AS PERCENT OF DRY MATTER
SWISS CHARD. The effect of light quality on nitrogen
concentration varied with intensity. At the lower intensity,
as shown in Table 4 and Figure 13, blue lamps caused the 
highest nitrogen concentration followed by green, white, 
Gro-Lux, and red. The nitrogen concentration under blue 
was significantly higher than that under white, Gro-Lux, 
and red only. Green, white, Gro-Lux, and red did not cause 
significantly different nitrogen concentrations. At the 
higher intensity, blue caused a significantly higher percent­
age nitrogen than did the other lamps. Differences in nitro­
gen concentration due to the other lamps (Gro-Lux, green, 
white, and red) were not significant.
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Table 4. Effect of liglil quality at 800 and 1200 ^ iw/cm on
nitrogen as per cent of dry matter of Swiss chard.
Quality Replicate Intensity
2 2 
800 ,pw/cm 1200 ^w/cm
Total
1 9.90 6.20 16.10
2 9.90 7.30 17.20
RED T 19.80 T 13.50
Ti
33.30
X 9.90 X 6.80 xi 8.30
1 12.60 10.30 22.90
2 12.00 9.20 21.20
BLUE T 24.60 T 19.50 Ti
44.10
X 12.30 X 9.80
h
11.00
1 11.50- 7.70 19.20
2 10.10 6.90 17.00
GREEN T 21.60 T 14.60 Ti 36.20
X 10.80 • X 7.30 xi 9.00
1 9.60 7.20 16.80
2 11.10 6.50 17.60
WHITE T 20.70 T 13.70 Ti
34.40
•
X 10.40 X 6.80 xi 8.60
1 10.05 7.90 18.00
2 10.20 8.40 18.60
GRO-LUX T 20.30 T 16.30 Ti
36.60
X 10.20 X 8.20 xi 18.30
Total 107.00 77.60 184.60
BLUE-800 GREEN-800 WHITE-800 GRO-LUX-800 RED-800 
12.30 10.80 10.40 10.20 9.90
BLUE-1200 GRO-LUX-1200 GREEN-1200 RED-1200
WHITE-1200
9.80 8.20__________  7.30 6.80
MEANS underscored by the same line do not differ
significantly.
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Figure 13. Effect of light quality at 800 
and 1200 /iw /cm 2 on nitrogen as percent 
of dry matter of Swiss chard.
B = Blue 
G = Green 
GL= Gro-Lux













Increasing the intensity caused a significant 
decrease in nitrogen concentration under all qualities.
PEAS. The percent nitrogen of dry matter was 
significantly affected by wavelength at both intensities.
As shown in Table 5 and Figure 14, blue lamps caused a 
significantly higher nitrogen percentage than the other 
lamps at both intensities. Differences in nitrogen con­
tent under red, Gro-Lux, white, or green were not signifi­
cant at either intensity.
As with Swiss chard, nitrogen concentration diminished 
with increased intensity.
TOMATO. Light quality influenced nitrogen concen­
tration at both intensities (See Table 6 and Figure 15).
At the lower intensity, blue, green, and white lamps had a 
similar effect on nitrogen concentration. Blue lamps caused
r
a significantly higher nitrogen concentration than Gro-Lux 
and red lamps, whereas green and white lamps did not. At 
the higher intensity, blue, green, and Gro-Lux lamps caused 
similar nitrogen concentrations. Of the three, only blue 
caused a significantly higher concentration than white or 
red lamps.
The percent nitrogen of dry matter dropped signifi­
cantly when the intensity was increased.
The concentrations of nitrogen, expressed as percent­
age nitrogen in dry matter, were similar to those reported in 
the literature for peas and tomatoes, while those for Swiss 
chard were higher. Wieranga (81) obtained concentrations of 
1.89-5.45 for the green parts of peas depending upon the
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Table 5. Effect of light quality at 800 and I200 >iw/cm on
nitrogen as per cent of dry matter of peas.
Quality Replicate _______ Intensity________  Total
2 2 
800 pw/cm 1200 jjw/cm
1 6.30 4.30 10.60
2 5.20 4.30 9.50
RED T 11.50 T 8.60 Tx 20.10
X 5.80 X 4.30 Xx 5.00
1 7.40 5.60 13.00
2 7.60 6.60 14.20
BLUE T 15.00 T 12.20 T1 27.20
X 7.50 X 6.10 6.80
6.10 3.50 9.60
6.40 4.20 10.60
T 12.50 T 7.70 T 20.20
X 6.30 X 3.80 XL 5.10
1 6.80 3.40 10.20
2 6.20 3.60 9.70
WHITE T 13.00 T 7.00 Tl 19.90
X 6.50 X 3.50 X 5.00
1 6.30 4.20 10.50
2 6.20 4.20 10.40
GRO-LUX T 12.50 T 8.40 Tl 20.90
X 6.30 X 4.20 Xx 5.20
Total 64.50 43.90 108.40
GRO-LUX-800
BLUE-800 WHITE-800 GREEN-800 RED-800
7.50 6.50 6.30 5.80
BLUE-1200 RED-1200 GRO-LUX-1200 GREEN-1200 WHITE-1200
6.10 4.30 4.20 3.80 3.50
MEANS underscored by the same line do not differ
significantly.
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Figure 14. Effect of light quality at 800 
and 1200 /iw /cm 2 on nitrogen as percent 
of dry matter of peas.
B = Blue 
G = Green 
GL= Gro-Lux 















Intensity -  microwatts/cm2
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Table 6. Effects of light quality at 800 and 1200 )iw/cin on
nitrogen as per cent of dry matter of tomatoes.
Quality Replicate Intensity
2 2 
800 jiw/cm 1200 jaw/cm
Total
1 5.60 4.10 9.70
2 5.80 4.90 10.80
RED T 11.40 T 9.00 Ti
20.50
X 5.70 X 4.50
*i
5.10
1 6.30 5.60 11.90
2 6.90 5.70 12.60
BLUE T 13.20 T 11.30 Ti 24.50
X 6.60 X 5.60 x i 6.10
1 6.00 5.40 11.40
2 6.05 4.90 11.00
GREEN T 12.05 T 10.30
T1
22.40
X 6.02 X 5.20
X1
5.60
1 6.20 5.06 11.30
2 5.80 4.90 10.70
WHITE T 12.00 T 9.96 T1 22.00
X 6.00 X 5.00 X1 5.50
1 6.20 5.10 11.30
2 5.60 5.10 10.70
GRO-LUX T 11.80 T 10.20 T1
22.00
X 5.90 X 5.10 X1
5.50
Total 60.60 50.80 111.40
BLUE-800 GREEN-800 WHITE-800 GRO-LUX-800 RED-800
6.60 6.02 6.00 5.90 5.70
BLUE-1200 GREEN-1200 GRO-LUX-1200 WHITE-1200 RED-1200
5.60 5.20 5.10 5.00 4.50




Figure 15. Effect of light quality at 800 
and 1200/xw/cm2 on nitrogen as percent 
of dry matter of tomatoes.
B = Blue
G= Green 
GL = Gro-Lux 












Intensity- m icrowatts /cm 2
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strain of Rhizobium with which they were inoculated. The 
average value for peas in this investigation was 5.44. The 
concentration for tomato dry matter ranged from 3.077-5.141 
in plants grown in manured and unmanured plots by Owen (45) 
depending on the date of harvest. The average concentration 
was 5.55 for tomato dry matter in this investigation. Pearsall 
(47) obtained concentrations for Swiss chard ranging from 
3.32-7.18, while the average concentration obtained in this 
experiment was 9.21. Generally at the lower intensity, con­
centrations were above the upper limits of values reported 
in the literature for all species. This was particularly 
so for Swiss chard. Multiplication of the percentage nitrogen 
in dry matter by 6.25 would yield unusually high concentrations 
of protein for plant material. Thus it was thought that some 
of the nitrogen had not been assimilated, and was present as 
nitrate, a form not harmful to plants. Several samples were 
analyzed for nitrate by the phenoldisulfonic acid method (24). 
All samples were not analyzed for nitrate because of lack of 
sufficient plant material from some treatments.
The concentration of nitrate, expressed as percentage 
of dry matter, at high intensity was for Swiss chard under 
Gro-Lux, 4.49; white, 3.37; red, 3.07; green, 2.76; and blue, 
2.02. The nitrate nitrogen constituted for Gro-Lux, 12.13%; 
red, 9.5%; green, 9.07%; white, 8.87%; and blue, 4.97% of the 
total nitrogen. Levels of nitrate greater than 1% of dry 
matter are considered extremely high. Nitrate accumulation 
is a common occurrence in certain plant species, particularly 
certain cereal crops used as forage. Certain of the
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Chenopodiaceae, such as mangel and sugar beet, also accumu­
late nitrate when conditions are favorable (69). Conditions 
which are known to favor nitrate accumulation are drought, 
low light intensity, soils with high nitrate concentrations, 
acid soils, etc. (15). Since Swiss chard belongs to the 
Chenopodiaceae, the observation of high nitrate accumulation 
at the higher intensity is in agreement with the findings of 
other investigators (69). It is likely that the nitrate 
content of Swiss chard under the lower light intensity is 
even higher. Perhaps nitrates accumulate at low light inten- . 
sity because of lack of enough reducing power, energy, or 
carbon skeletons or all three to promote assimilation into 
amino acids and proteins.
The observation of high nitrate levels in Swiss chard 
grown under artificial conditions poses the question of the 
feasibility of growing such plants in artificial environments 
where nitrates would be in ample supply and light intensity 
would be lower than in field conditions. Such plants might 
possibly accumulate nitrates and pose a serious threat to 
human health. These plants may be high in nitrogen, but a 
considerable portion may be in a form nonusable ( NO^) by 
humans. Each nitrate ion is a possible source of nitrite, 
which is ten times more toxic than the nitrate from which it 
comes, and which can have toxic and lethal effects in humans, 
particularly infants. The nitrate ions combine with hemo­
globin forming methhemoglobin which is incapable of carrying 
oxygen, thus resulting in poisoning (15,24,69,82,83).
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It is interesting to note that Swiss chard under 
blue had a lower content of nitrates. This indicates that 
plants under blue had a more efficient system for conversion 
of nitrate to nitrite. Stoy (61) has demonstrated that blue 
light promotes nitrate reduction in wheat leaves to a greater 
extent than it does (X>2 assimilation. This promotive effect 
of blue light on nitrate reduction is associated with absorp­
tion of blue light by riboflavin. He also has demonstrated 
that riboflavin can be activated by blue light in vitro 
causing photolysis of water (62). The hydrogen released 
is captured by riboflavin and the reduced riboflavin acts 
as a particularly active hydrogen donor for reduction of 
nitrate.
Light quality affects the percentage of nitrogen 
indirectly by its effect on photosynthesis. Blue light is 
least efficient in photosynthesis, but at equal energy levels 
it always caused the highest percentage of nitrogen. Red 
light which favors synthesis and accumulation of carbohydrates 
generally produced the lowest percentage of nitrogen.
Tables 7, 8, and 9 show that plants under blue 
generally contained a lower weight of nitrogen or about 
the same amount as plants under other qualities. Apparently, 
the high percentage of nitrogen under blue is due to decreased 
carbohydrate level rather than an increase in absolute quantity 
of nitrogen.
Increase in intensity effected a decrease in the per­
centage nitrogen of all plants regardless of the quality used. 
Reduced nitrogen content at high intensity is associated with 
intensity effects on photosynthesis. Increasing the intensity 
raises the level of carbohydrates, thereby reducing the per­
centage nitrogen of dry matter. Horvarth and Szasz (29)
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Table 7. Effect of light quality at 800 and 1200 pvifcm on
average grams of nitrogen per Swiss chard top.
Quality Replicate Intensity Total
800 ^iw/cm 1200 jiw/ cm
1 .019 .047 .066
2 .019 .036 .055
RED T .038 T .083 Tj_ .121
X .019 X .042 X x .030
1 .002 .019 .021
2 .005 .020 .025
BLUE T .007 T .039 .046
X .004 X .020 X 1 .012
1 .004 .042 .046
2 .003 .034 .037
GREEN T .007 T .076 T l .083
X .004 X .038 X x .021
1 .007 .040 .047
2 .007 .032 .039
WHITE T .014 T .072 T l .086
X .007 X .036 X x .022
1 .015 .046 .061
2 .016 .038 .054
GRO-LUX T .031 T .084 T± .115
X .016 X .042 *1 ,029
Total .097 .354 .451
GREEN-800
RED-800 GRO-LUX-800 WHITE-800 BLUE-800
.019 .016 .007 .004
GR0-LUX-1200
RED-1200 GREEN-1200 WHITE-1200 BLUE-1200
.042 .038 .036 .020




Table 8. Effect of light quality at 800 and 1200 /iw/cm on
average grams of nitrogen per pea top.
Quality Replicate Intensity Total
800 pw/cm 1200 iiw/cm
1 .011 .021 .032
2 .016 .024 .040
RED T .027 T .045 T1
.072
X .014 X .022
X1
.018
1 .013 .019 .032
2 .014 .022 .036
BLUE T .027 T .041 T1
.068
X .014 X .021 *1 .017
1 .013 .016 .029
2 .014 .015 .029
GREEN T .027 T .031 T1
.058
X .014 X .016
*1
.015
1 .011 .018 .029
2 .016 .014 .030
WHITE T .027 T .032 T1 .059
X .014 X .016 X 1 .015
1 .016 .022 .038
2 .014 .019 .033
GRO-LUX T .030 T .041 T1 .071
X .015 X .021
*1
.018













Table 9. Effect of light quality at 800 and 1200 yiw/cm on
average grams of nitrogen per tomato top.
Quality Replicate Intensity Total
800 jaw/cm 1200 juw/ cm
1 .013 .017 .030
2 .010 .014 .024
RED T .023 T .031 Tx .054
X .012 X .016 Xx .014
1 .006 .014 .020
2 .005 .015 .020
BLUE T .011 T .029 Tl .040
X .006 X .014 xx .010
1 .007 .015 .022
2 .009 .015 .024
GREEN T .016 T .030 T1 *046
X .008 X .015 Xx .012
1 .014 .025 .039
2 .015 .025 .040
WHITE T .029 T .050 Tt .079
X .014 X .025 Xx .020
1 .009 .020 .029
2 .009 .013 .022
GRO-LUX T .018 T .033 T l .051
X .009 X .017 X .013
Total .097 .173 .270
WHITE-800 RED-800 GRO-LUX-800 GREEN-800 BLUE-800
.014 .012 .009 .008 .006
WHITE-1200 GRO-LUX-1200 RED-1200 GREEN-1200 BLUE-1200
.025 .017 .016 .015 .014
MEANS underscored by the same line do not differ
significantly.
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found that carbohydrates are the primary products of photo­
synthesis at high intensity, while amino acids predominate 
at low intensity.
The reduced percentage nitrogen of dry matter of 
Swiss chard at the higher intensity, as compared to the 
lower intensity, may be due to the combined effect of 
increased carbohydrates as well as reduced nitrate accumu­
lation.
PERCENT INSOLUBLE (PROTEIN) NITROGEN 
OF DRY MATTER
SWISS CHARD. The percentage of insoluble nitrogen 
was determined to consider the relationship between light 
quality, intensity, and protein concentration. As shown in 
Table 10 and Figure 16, wavelength effect on protein content 
was the same at both intensities. Blue lamps caused signifi­
cantly higher protein content than the other lamps. White, 
Gro-Lux, green, and red lamps were nearly identical in their 
effect on protein content.
Increase in intensity caused a decrease in percentage 
protein of dry matter, regardless of the quality.
PEAS. The percentage of insoluble nitrogen of dry 
matter of peas, like Swiss chard, was highest under blue at 
both intensities. At the lower intensity, this percentage 
was not significantly different from that effected by the 
other lamps. However, at the higher intensity, it was signifi­
cantly higher than the percentage obtained for Gro-Lux, red, 
green, and white (See Table 11 and Figure 17).
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Table 10. Effect of light quality at 800 and 1200 >iw/cm on
insoluble nitrogen as per cent of dry matter of
Swis^ chard.
Quality Replicate _______ Intensity________  Total
2 2 
800 >iw/ cm 1200 jiw/ cm
1 7.60 3.50 11.10
2 7.10 4.30 11.40
RED T 14.70 T 7.80 Tx 22.50
X 7.30 X 3.90 X± 5.60
1 9.20 5.80 15.00
2 8.80 6.30 15.10
BLUE T 18.00 T 12.10 Tx 30.10
X 9.00 X 6.05 Xx 7.50
1 8.50 4.20 12.70
2 6.40 4.00 10.40
GREEN T 14.90 T 8.20 Tx 23.10
X 7.40 X 4.10 Xx 5.80
1 6.80 4.20 11.00
2 7.80 4.30 12.10
WHITE T 14.60 T 8.50 Tx 23.10
X 7.30 X 4.20 Xx 5.80
1 6.80 4.07 10.90
2 7.30 4.20 11.50
GRO-LUX T 14.10 T 8.30 Tx 22.40
X 7.05 X 4.20 Xx 5.60
Total 76.30 44.90 121.20
RED-800
BLUE-800 GREEN-800 WHITE-800 GRO-LUX-800
9.00 7.40__________ 7.30____________________ 7.05
BLUE-1200 GRO-LUX-1200 GREEN-1200 RED-1200
WHITE-1200
6.05 4.20 4.10 3.90


















Figure 16. Effect of light quality at 800 
and 1200/iw/cm2 on insoluble nitrogen 




B = Blue 
G= Green 
GL = Gro-Lux 









Table 11. Effect of light quality at 800 and 1200 jiw/cm on




800 iiw/ cm 1200 jiw/cm _
Total
1 5.04 2.80 7.80
2 4.20 2.80 7.00
RED T 9.20 T 5.60 Ti 14.80
X 4.60 X 2.80 3.20
1 5.80 4.08 9.90
2 5.50 5.10 10.60
BLUE T 11.30 T 9.18 Ti 20.50
X 5.60 X 4.60 5.10
1 4.70 2.02 6.70
2 4.90 2.70 7.60
GREEN T 9.60 T 4.70 Ti 14.30
X 4.80 X 2.40 3.60
1 4.20 1.90 6.10
2 4.80 2.08 6.90
WHITE T 9.00 T 4.00 Ti 13.00
X 4.50 X 2.00 3.20
1 5.20 2.90 3.08
2 4.60 2.70 7.30
GRO-LUX T 9.80 T 5.60 Ti 15.40
X 4.90 X 2.80 3.90
Total 48.90 29.08 78.00
BLUE-800 GRO-LUX-800 GREEN-800 RED-800 WHITE-800
5.60 4.90 4.80 4.60 4.50
BLUE-1200 GRO-LUX-1200 RED-1200 GREEN-1200 WHITE-1200
4.60 2.80 2.80 2.40 2.00
MEANS underscored by the same line do not differ significantly.
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Figure 17. Effect of light quality at 800 
and 1200/i.w/cm2 on insoluble nitrogen 













B = Blue 
G = Green 
GL = Gro-Lux 




Intensity- m icrow atts /cm 2
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The percentage insoluble nitrogen in dry matter 
decreased significantly with increase in intensity for all 
qualities tested.
TOMATO. As shown in Table 12 and Figure 18, at both 
intensities the percent insoluble nitrogen in dry matter was 
highest under blue. Tomatoes under red, Gro-Lux, and white 
contained a lower percentage nitrogen in dry matter than those 
under blue. Plants under green were not significantly differ­
ent in percentage insoluble nitrogen in dry matter from those 
under the other qualities. At the higher intensity, the per­
centage insoluble nitrogen in dry matter under red was signifi­
cantly lower than that under the other qualities.
Increase in intensity caused a decrease in the per­
centage insoluble nitrogen in dry matter for all qualities 
tested.
The wavelength effect on the percentage insoluble 
nitrogen in the dry matter was similar for the various 
species. The highest percentage protein in the dry matter 
was observed always in those plants under blue. This was 
the case at both intensity levels and is perhaps related 
to the fact that the percentage total nitrogen of dry weight 
was highest under blue.
Variations in the total nitrogen concentrations of 
dry matter were manifested more in the percentage insoluble 
nitrogen in dry matter. For each species the percentage of 
insoluble nitrogen was similar under red, green, white, and 
Gro-Lux, but it was higher under blue. The concentration of 
soluble nitrogen, expressed as percentage of dry matter, under 
the various light qualities was more or less constant within a
70
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Table 12. Effect of light quality at 800 and 1200 >iw/cm on
insoluble nitrogen as per cent of dry matter
of tomatoes.




1 4.70 3.40 8.10
2 4.90 3.80 8.70
RED T 9.60 T 7.20
T1 16.80
X 4.80 X 3.60
*1
4.20
1 5.30 * 4.60 9.90
2 5.60 4.60 10.20
BLUE T 10.90 T 9.20 T1 20.10
X 5.40 X 4.60
*1
5.02
1 5.10 4.40 9.50
2 5.06 4.04 9.10
GREEN T 10.20 T 8.40 T1 18.60
X 5.10 X 4.20 *1 4.70
1 5.02 4.10 9.10
2 4.90 4.00 8.90
WHITE T 9.90 T 8.10 T1 18.00
X 5.00 X 4.05
*1
4.50
1 4.90 4.10 9.00
2 4.60 4.20 8.80
GRO-LUX T 9.50 T 8.30 T1 17.80
X 4.80 X 4.20
*1
4.40











BLUE-1200 GRO-LUX-1200 WHITE-1200 RED-1200
GREEN-1200
4.60 4.20 4.05 3.60
MEANS underscored by the same line do not differ
significantly.
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Figure 18. Effect of light quality at 800 
and 1200 j x v i /m 2 on insoluble nitrogen 











B - Blue 
G = Green 
GL= Gro-Lux 





species. Somehow blue light exerted a positive influence on 
the percentage of protein.
The concentration of soluble nitrogen was higher in 
Swiss chard than in peas or tomatoes. This increased soluble 
nitrogen is perhaps due to nitrogen accumulation.
INSOLUBLE NITROGEN: SOLUBLE NITROGEN RATIO
SWISS CHARD. Table 13 and Figure 19 show the effect 
of light quality and intensity on the insoluble nitrogen: 
soluble nitrogen ratio of Swiss chard. At low intensity, 
the highest ratio was observed in plants under red and blue, 
followed by white, Gro-Lux, and green. At high intensity, 
the ratio was highest under blue and white, followed by red, 
green, and Gro-Lux. Differences due to quality were not 
significant at either intensity level.
Increase in intensity caused a significant decrease 
in the ratio of insoluble nitrogen: soluble nitrogen under
each quality.
PEAS. The insoluble nitrogen: soluble nitrogen ratio,
at low intensity, was not significantly affected by quality 
as shown in Table 14 and Figure 20. Highest insoluble nitro­
gen: soluble nitrogen ratio was observed in plants under
Gro-Lux, followed by red, green, blue, and white. At high 
intensity, blue caused the highest ratio, followed by Gro-Lux, 
red, green, and white. The ratio under blue was significantly 
higher than that under white only, while that under white was 




Table 13. Effect of light quality at 800 and 1200 >iw/cm on
insoluble nitrogen as per cent of total nitrogen
of Swiss chard.
Quality Rep-1 icate Intensity Total
800 jaw/cm 1200 jaw/cm
1 77 57 134
2 72 56 128
RED T 149 T 113 Tx 262
X 74 X 56 X, 66
(2.8:1) (1.3:1) 1
1 74 56 130
2 74 69 143
BLUE T 148 T 125 Tx 273
X 74 X 62 X, 68
(2.8:1) (1.6:1) L
1 74 55 129
2 63 58 121
GREEN T 137 T 113 Tl 250
X 68 X 56 X. 62
(2.1:1) (1.3:1) i
1 71 58 129
2 71 65 136
WHITE T 142 T 123 T1 265
X 71 X 62 X. 66
(2.4:1) (1.6:1)
1
1 68 52 120
2 71 50 121
GRO-LUX T 139 T 102 T1 241
X 70 X 51 X. 60
(2,3^11 (1:1)
1
Total 715 576 1291
( ) Insoluble Nitrogen: Soluble Nitrogen Ratio
BLUE-800
RED-800 WHITE-800 GRO-LUX-800 GREEN-800

























Figure 19. Effect of light quality at 8 0 0
and 1200 uw/cm2 on insoluble nitrogen
as percent of total nitrogen of Swiss chard.
B = Blue 
G = Green 
GL= Gro-Lux 














Table 14. Effect of light quality at 800 and 1200 >jw/cm on




800 jjw/cm 1200 jaw/cm
Total
1 80 64 144
2 80 65 145
RED T 160 T 129 T1 289
X 80 X 64 Xi 72
(4:1) (1.8:1) 1
1 78 73 151
2 72 77 149
BLUE T 150 T 150 Ti
300
X 75 X 75 *i 75
(3:1) (3:1) I
1 77 58 135
2 76 64 140
GREEN T 153 T 122 Ti
275
X 76 X 61 xi 69
(3.2:1) (1.6:1) 1
1 62 56 118
2 78 54 132
WHITE T 140 T 110 Ti
250
X 70 X 55 x i 62
(2.3:1) (1.2:1) 1
1 89 68 157
• 2 75 66 141
GRO-LUX T 164 T 134 Ti
298
X 82 X 67 x i 74
(4.6:1) (2:1) 1
Total 767 645 1412
( ) Insoluble Nitrogen: Soluble Nitrogen Ratio
GRO-LUX-800 RED-800 GREEN-800 BLUE-800 WHITE-800
82 80 76_________ 75 70
BLUE-1200 GRO-LUX-1200 RED-1200 GREEN-1200 WHITE-1200
75 67 64_________ 61____  55



























Figure 20. E ffect of light quality at 8 0 0
and 1200 /xw/cm 2 on insoluble nitrogen
h 6L* as percent of total nitrogen of peas.
- R
8 = Blue 
G= Green 
GL = Gro-Lux 





Increase in intensity caused a significant decrease 
in the insoluble nitrogen: soluble nitrogen ratio for all
qualities except blue.
TOMATO. At low intensity, the insoluble nitrogen: 
soluble nitrogen ratios were equal and highest under red and 
green, but not significantly different from that under blue. 
Blue caused a higher ratio than white and Gro-Lux, but was 
significantly better than Gro-Lux only. The ratios under 
white and Gro-Lux did not differ significantly (See Table 15 
and Figure 21). At high intensity, green lamps caused the 
highest ratio which was significantly higher than the ratios 
under blue, Gro-Lux, and red lamps only. The ratio under 
white was second highest and significant only over red. The 
ratios under blue and Gro-Lux were equal and not significantly 
different from that of red lamps.
Increase in intensity effected a significant decrease 
in the insoluble nitrogen: soluble nitrogen ratio for all
qualities except Gro-Lux and white.
From the data of Tables 13, 14, and 15, it can be 
seen that soluble nitrogen constituted a much higher propor­
tion of the total nitrogen than normally occurs. Various 
investigators, cited by McKee (37), found that soluble nitro­
gen comprises 6-20% of the total nitrogen in green leaves, 
usually around 10%. However, in the results reported herein, 
the soluble nitrogen comprised nearly 50% of the total nitro­
gen in some of the plants. The difference could be due to 
the continuous illumination. It is possible that under con­
tinuous illumination incorporation of amino acids into pro­
tein is inhibited or amino acids are synthesized much faster
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Table 15. Effect of light quality at 800 and 1200 uw/cm on








1 84 82 166
2 84 78 162
RED T 168 T 160 Tx 328
X 84 X 80 X, 82
(5.3:1) (4:1) ____
1
1 84 82 166
2 82 81 163
BLUE T 166 T 163 T± 329




1 85 83 168
2 84 83 167
GREEN T 169 T 166 Tt 335
X 84 X 83 00 -p'
(5.3:1) (4.9:1) J.
1 81 82 163
2 84 82 166
WHITE T 165 T 164 T1 329
X 82 X 82 X, 82
(4.6:1) (4.6:1) I
1 79 80 159
2 83 82 165
GRO-LUX T 162 T 162 T± 324
X 81 X 81 X, 81
(4.3:1) (4.3:1) 1
Total 830 815 1645
( ) Insoluble Nitrogen: Soluble Nitrogen Ratio
RED-800
GREEN-800 BLUE-800 WHITE-800 GRO-LUX-800
84 83 82 81
GREEN-1200 WHITE-1200 GRO-LUX-1200 RED-1200
BLUE-1200
83 82 8 L 80
MEANS underscored by the same line do not differ significantly.
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Figure 21. Effect of light quality at 8 0 0
and 1200 /iw /cm 2 on insoluble nitrogen





















than they can be incorporated into protein. Possibly, 
increased supply of carbohydrates due to continuous 
photosynthesis caused accumulation of amino acids which 
were not incorporated into protein fast enough, _It is 
also possible that the absence or presence of a factor 
could cause blockage of uptake from the soluble nitrogen 
pool. Another possible reason for the lower protein nitro­
gen might be an imbalance in the amounts of individual 
soluble amino acids. Whatever the reason, seemingly the 
condition is more pronounced at higher intensities.
The wavelength effect on the amount of protein syn­
thesis (assuming that the insoluble nitrogen is of protein 
origin predominantly) varied greatly with species. The 
amount of protein synthesis in Swiss chard was not signifi­
cantly affected by quality at either intensity. Protein 
synthesis in peas was affected by spectral composition only 
at the higher intensity. Light quality had a statistically 
significant effect on protein synthesis in tomato at both 
intensities.
The probable reason for the absence of significant 
differences in effect of light quality on protein synthesis 
in Swiss chard was the large variation within treatments at 
both intensity levels. This was perhaps also the case for 
peas at low intensity.
In those instances where spectral composition did 
affect the amount of protein, no particular quality could 
be associated with enhanced protein synthesis. The data 
show that the effect of quality on amount of protein is
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complex and not readily deciphered. Kleshnin, et al., 
according to Nichiporovich (42), found that lettuce in 
blue light, compared to red, contained more protein nitro­
gen relative to the total amount of nitrogen. In the work 
reported here blue was not observed to intensify protein 
synthesis significantly more than red in any of the plants 
tested.
The insoluble nitrogen: soluble nitrogen ratio
generally decreased with intensity for all plants tested 
under each quality. This is in opposition to observations 
of Kleshnin, et al. in which the protein: total nitrogen
ratio in lettuce was shown to increase with increased intensity. 
The lower insoluble nitrogen: soluble nitrogen ratios at the
higher intensity may be due partly to the possible reasons 
offered for the high soluble nitrogen content of total nitro­
gen when plants are continuously illuminated. Additionally, 
protein breakdown may have been more rapid at the higher 
intensity. High intensity may induce formation of tissues 
which are physiologically older than those at low intensity.
It is known that protein breakdown occurs more rapidly as 
the plant ages (37,78).
EFFECT OF LIGHT QUALITY AND INTENSITY 
ON FREE AMINO ACIDS
Neither light quality nor intensity affected the 
kinds of free amino acids present in the test plants (See 
plates 1, 2, and 3). As shown in Plate 4, peas contained 
more kinds of amino acids than Swiss chard or tomato. The
Plate 1. One dimensional chromatogram of amino acids in 
Swiss chard exposed to light quality at 800 and 
1200 jiw/cm?. (1) asparagine, lysine, and orni­
thine, (2) arginine, (3) glycine, serine, and 
aspartic acid, (4) hydroxyproline, (S) threonine 
and glutamic acid, (6) ^-alanine and alanine,
(7) proline. (8) tyrosine, (9) tryptophanf (10) 
valine, (11) phenylalanine, and (12) leucine.
Plate 2. One dimensional chromatogram of amino acids in 
peas exposed to light quality at 800 and 1200 
>iw/cm2, (l) asparagine, lysine, and ornithine,
(2) arginine. (3) glycine, serine, and aspartic 
acid, (4) hydroxyproline, (S) threonine and 
glutamic acid, (6) /-alanine and alanine, (7) 
proline, (8) tyrosine, (9) tryptophan, (10) valine, 
(11) phenylalanine, and (12) leucine.
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Plate 3, One dimensional chromatogram of amino acids in 
tomatoes exposed to light quality at 800 and 
1200 pw/cm^, (1) asparagine, lysine, and orni­
thine,' (2) arginine. (3) glycine, serine, and 
aspartic acid, (4) hydroxyproline, (5) threonine 
and glutamic acid, (6) #-alanine and alanine,
(7) proline, (8) tyrosine, (9) tryptophanf (10) 








Plate 4. Two dimensional chromatograms of amino acids in Swiss chard, peas, and
tomatoes grown under continuous light. Ala, alanine; Aminoadipic, 4-amino- 
adipic acid; Arg, arginine; Asp-N, asparagine; Asp, aspartic acid; Glu, 
glutamic acid; Glu-N, glutamine; Homoser, homoserine; Leu, leucine; Lys, 
lysine; Phala, phenylalanine; Ser, serine; Threo, threonine, Trvpt, trypto­




following amino acids and amides were found in peas: alanine,
ci-aminoadipic acid, arginine, aparagine, aspartic acid, glu­
tamic acid, glutamine, bomoserine, leucine, lysine, phenyl­
alanine, serine, threonine, tryptophan, and valine. Swiss 
chard contained the same amino acids as peas excepting 
a-aminoadipic acid, glutamine, homoserine, lysine, and 
phenylalanine. In addition Swiss chard contained tyrosine 
and an unidentified ninhydrin-positive spot. Tomato also 
contained many of the same amino acids as peas and Swiss 
chard. Missing in tomato were a-aminoadipic acid, homoserine, 
lysine, and phenylalanine and it contained an unidentified 
ninhydrin-positive spot which occupies approximately the 
same location as that of Swiss chard.
An attempt was made to determine the variations in 
quantity of the amino acids under the various treatments by 
determining the amount of amino acid present colorimetrically 
after location with ninhydrin according to the procedure of 
Block, et al. (7). Considerable difficulty was encountered 
because of the formation of purple background coloration which 
was not uniform over the entire chromatogram. Visual compari­
sons after location with ninhydrin were not desirable as the 
amount of extract required to obtain satisfactory separation 
varied with treatment.
An unexpected feature common to the amino acid metabo­
lism of all plants tested was the absence of 7-aminobutyric 
acid. According to Steward, et al. (58), it is a general 
constituent of plant soluble nitrogen and its absence from 
such an extract is more noteworthy than its presence.
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Swiss chard was found to contain extremely high 
concentrations of arginine but no glutamine. Bidwell, 
et al. (5) found that detached leaves of Swiss chard, when 
supplied with NH^NO^ and light, produced large amounts of 
glutamine. Why glutamine was not present in the continuously 
illuminated Swiss chard is not clear. Certainly the methods 
of extraction and separation are not suspect since glutamine 
was detected in peas and tomatoes, and the methods were the 
same. It is possible that the glutamine pool was very 
small in Swiss chard because it was rapidly being converted 
into arginine and hence was not detected on the chromato­
grams.
SUMMARY
A study was made of the effect of light quality and 
intensity on the growth and nitrogen metabolism of continuously 
illuminated plants. Seedlings of three plant species, Beta 
vulgaris var Cicla (Fordhook Giant), Pisum Sativum (Merrimack 
Improved Telephone), and Lycopersicon esculentum (Valiant) 
were grown under blue, green, Gro-Lux, red, and white
2
fluorescent lamps at intensities of 800 and 1200 microwatts/cm .
Regardless of intensity, dry weight yields were highest 
under red or white lamps and lowest under blue. Generally, 
red and more spectrally balanced lamps (white and Gro-Lux) 
were not significantly different in their effect on yields.
Only tomatoes were highest in yield under white.
Increase in intensity caused a significant increase 
in yields under all qualities for each plant species.
It was observed that there were species differences 
in ability to accumulate nitrogen. Swiss chard, under the 
conditions of this study, contained a much higher percentage 
total nitrogen of dry matter than peas or tomatoes. Also, 
the percentage insoluble nitrogen of dry matter was higher 
in Swiss chard than in peas or tomato.
The level of nitrogen in plants was inversely corre­
lated with the amount of dry matter produced. Nitrogen levels 
were highest at low intensity and plants under blue (lowest 
yield) had a higher percentage nitrogen than plants under 
other lamps. Thus the light effect on percentage nitrogen
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of dry matter is a consequence of the combined effect of 
quality and intensity on photosynthesis.
The per cent insoluble nitrogen of dry matter (protein 
nitrogen of dry matter) is related to the percentage of total 
nitrogen of dry matter. Plants under blue, which contained 
the highest percentage of total nitrogen of dry matter, also 
contained the highest percentage protein of dry matter.
No conclusive evidence was obtained concerning the 
influence of light quality on the amount of protein synthe­
sis .
Generally, an increase in light intensity caused a 
decrease in the insoluble nitrogen: soluble nitrogen ratio.
It was speculated that protein degradation occurred more 
rapidly in the physiologically older tissues at the higher 
intensity.
Light quality and intensity did not affect the 
quantity of amino acids to such a degree as to allow for 
detectable differences. A common unexpected feature of the 
amino acid metabolism was the absence of 7-aminobutyric acid 
in all of the plants tested.
The amino acid metabolism of Swiss chard showed some 
strange peculiarities. Arginine was present in large amounts 
and glutamine was not detected. Perhaps arginine serves as 
the reserve and transport nitrogen source when Swiss chard 
is continuously illuminated.
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